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Using very simple arguments we show that the quantum effects of an ultraUght particle as the 
Scalar Field Dark Matter nispDM ~ lO^^^eV cannot be neglected at classical scales. We show that 
the effective density of this effect is constant in space and for such a mass, it is of the order of 
magnitude of the critical mass of the universe. Thus, we can interpret the effective density of this 
quantum effects as the cosmological constant. 

PACS numbers: 95.36.+x,03.65.-w 
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Doubtless one of the greatest misteries science is now 
facing on is the nature of the dark energy [H ■ It rep- 
resents three fourths of the whole matter of the universe 
and its physical nature seems to contradict all the known 
physics. The best accepted candidate is the cosmolog- 
ical constant A, introduced by Albert Einstein in the 
1920's [3j. People use to interpret A as fluctuations of 
the vacuum energy, nevertheless this interpretation does 
not coincide with value obtained using any quantum field 
theory, where the vacuum energy is zero or 128 orders of 
magnitude bigger than the observed one in nature 
On the other hand, dark matter continues being a puz- 
zle of the cosmology as well. The best candidates, su- 
persymmetric particles, seem to evade the detectors and 
people is starting to think in alternatives. However, the 
Scalar Field Dark Matter (SFDM) remains as one of 
the best candidates, because: 1.- The SFDM model has 
only one free parameter, the scalar field mass tusfdm 0, 
2.- The ultralight scalar field mass {itisfdm ~ lO~^^eY) 
fits: the observed amount of substructure [6j], the critical 
mass of galaxies the rotation curves of galaxies 

the central density profile of LSB galaxies [lOj , the evo- 
lution of the cosmological densities [ll[, etc. 3.- SFDM 
forms galaxies earlier than the Cold Dark Matter (CDM) 
model, because they condensate in Bose-Einstein Con- 
densates at a critical temperature Tc >>TeV [ll[. So, 
if SFDM is right, we have to see big galaxies at big red- 
shifts. 

Thus, SFDM particles have a mass of itisfdm ^ 
10^^'^eV, with this mass we expect that the quan- 
tum mechanical effects are important at the scale of 
~ 1/msFDM ~ Ipc. In this letter we show that if the 
SFDM are the dark matter, quantum effects of the ul- 
tralight particles can explain a constant density on the 
background of the universe and can be interpreted as a 
cosmological constant. 

In order to do that, suppose that we observe a big 
region of the universe, as big as our horizon, in a time- 
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scale much smaller than the Hubble-time. Halos of galax- 
ies can be seen as perturbations of the Einstein-Klein- 
Gordon (EKG) equations i?^^ = -2V"(<I>). We fo- 
cus on a perturbations (5$ of the scalar field $ = $o + <5^i 
where $0 = ^oit) determines the cosmological evolution 
of In the Newtonian gauge ds^ = —(1 + 2'ip)dt'^ + 
a'^[{l — 2(t))5ijdx'^dx^], the EKG equations reduce to the 
Schrodinger-Poisson system jl2j 
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where 5$ = exp{—imc/ht) + c.c, 4> — (j>N + 

(j)i exjp{—2imc/ht) + c.c. Remember that we are neglect- 
ing the time evolution of the universe for the moment 
(d — 0). Now we write the Schrodinger equation in its 
hidrodynamial version. 
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Equations ^ are equivalent to the Schrodinger-Poisson 
equations if the wave function is decomposed as 5* = 
exp(i5'), being v = h/rnS/S. The main difference of 
equations ^ and the hydrodynamical equations is the 
quantum force Fq = ~VUq, which is derivable from the 
quantum potential 
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Uq is interpreted as the quantum mechanical contribu- 
tion to the hydrodynamical equations. If we drop out 
the quantum force Fq in ([2]), these equations become 
the classical ones for a hydrodynamical system. Observe 
that the system ^ without the quantum contribution is 
equivalent to the CDM model, the main difference is that 
in CDM the dark matter is modeled as a fluid, but it is 
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shown in [1^ that the result at the cosmological level is 
the same as in the case of the scalar field. Thus the main 
difference between ^ and CDM is the quantum term 
Fq in [2] In what follows we only focus on this term. Of 
course, the universe is quantum mechanical but the con- 
tribution of Fq to the hydrodynamical equations is very 
small due to the factor which make this force very 
small for a mass m of a normal classical object. But for 
a SFDM field of mass msFDM ~ 10~^^eV this term can 
not be neglected anymore. 

Of course in the very early universe, the SFDM field 
was homogeneous and isotropic, but later, if it is the 
dark matter in the universe, it is not longer uniformly 
distributed in the universe, the dark matter forms the 
halos in clusters of galaxies, galaxies, etc. We can esti- 
mate the density or the square root of the density in the 
following way. 

The distribution of the dark matter can be modeled as 
concentrations of matter. In order to solve ([2]), we can 
make a comparative analysis if we observe what happens 
with concentrations as Dirac delta functions distributions 
y/p d{r — To). If we accept the cosmological principle, 
the dark matter clumps are homogeneously distributed 
in the universe, one can suppose that if there exists a 
galaxies in tq, it should exist another galaxy in more or 
less — ro, thus we write that y/p ~ 6(r — tq) + 6{r + rg) — 
2 \ro\5{r^ — Tq). It is well known that the delta function 
can be written as S{ar^ — 1) — limn J„ {anr'^), where 

Ji are the Bessel functions. 

Of course, the halos of galaxies have a smooth distri- 
bution more than a delta function like one. Nevertheless, 
we can use the last idea to expand the density in Fourier 
series. What we learn is that it is convenient to expand 
the density distribution of the haloes of galaxies as 

V-p^Y.Ulmn^^^^YUO,v) (4) 

where k is the wave number of the scale of fiuctuations of 
the dark matter haloes with units of L^^ and Yj^^ are the 
spherical harmonic functions. Of course, any function 
can be expanded as equation (U) , because the Bessel and 
the spherical harmonic functions are basis of the func- 
tions space. Expansion Q formally represents the dis- 
tribution of the galaxies haloes in the horizon size, fortu- 
nately for our goal we do not need to calculate it exactly, 
it is enough to know its expansion only. Now we are able 
to calculate the quantum potential Uq, using expansion 
and after some simple algebra we obtain 

UQ = -^^^{V'VJ^)^%k\' + o(^) (5) 
2m^ i/p \f J 

Uq is the potential that effectively feels an observer from 
the galaxies due to the quantum effects of the SFDM. 
An effective density can be obtained with the Poisson 



equation C/q = AttG peff using ([S]) as a source of the 
density. We get 

The first result we observe here is that the first term 
of the effective density is constant, it does not depend 
on the position. The other terms which go like 0{l/r'^) 
are important only locally, thus, we can interpret them 
as the contribution of the nearby structure. This is a 
remarkable result, because we see that quantum effects 
cannot be neglected for masses of the order of the SFDM 
mass and for large scales, its effective density is constant. 
The second result is that this effect appears just when 
the structure begins to form, like as that we expect for 
the cosmological constant. Nevertheless, this effective 
density does not have to be of the size of something well- 
know. 

We set the observed values of the different quantities in 
this formulae. Observe that for big structures, k = 2tt/L 
is small, thus, the leader term in expression ([SJ corre- 
sponds to the smallest structure. The smallest structure 
we observe in the galaxies are the dwarf and satelites 
galaxies, with a size of ~ lOkpc, thus k ~ 1.5- 10~'^^GeV 
(in unites where H — c — 1), mspDM ~ lO^^^eV, we 
obtain that 

Pe// ~ 4 (1.5- 10-37GeV)' ~ 10-4^GeV^ (7) 

''^SFDM 

This is again a remarkable surprise, the effective density 
due to the quantum effects of a particle like the SFDM is 
of the order of the critical density of the universe Pcrit. = 
8.099 h"^ 10-'^''GeV'', that means, it is possible that the 
constant energy we feel in the universe is due quantum 
effects of small particles of dark matter. 

In this letter we have shown that, using very simple 
calculations, a particle of a small mass has quantum ef- 
fects at classical scales. This is not a surprise, because 
we know that the quantum effects of a particle are of 
the order of the de Compton length, inverse to the mass 
of the particle ~ 1/m. The first remarkable result is 
that with very simple arguments but using the hydro- 
dynamical version of the Schrodinger equation, we can 
see that the effective density of the quantum effects is 
constant. The great surprise is that the amount of this 
density is just of the order of magnitude of the critical 
density, which coincide almost with the amount of dark 
energy in the universe. 

Observe in ^ that there is no contribution of these 
quantum effects as long as the quantum density p is ho- 
mogeneous. But, it is important when the structure of 
the universe begins to form. This is a very elegant way 
to solve the coincidence problem. 

Of course, the fact that we do not see the supersym- 
metric particles in the detectors is not an argument to 



discard them as dark matter. The SFDM is also a very 
good candidate to be the dark matter, fortunately with- 
out the problems of the WIMPs [3| , like the cuspy cen- 
tral densities in galaxies, the excess of substructure, etc. 
(see for example [ll , [13] , [HI ) • However, if the SFDM re- 



mains as candidate of the dark matter of the universe, 
we have to take into account the quantum effects of this 
particle in the background, they cannot be neglected. 
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